Introduction
Oil production microbes, such as Aurantiochytrium, have been discovered and are currently studied to produce fuels instead of fossil fuels [1] . Carbon dioxide generated from such fuels is not ruled to be the one to contribute global warming since the circulation of carbon is much more rapid than that of fossil fuels that were produced millions or more years ago. In addition to discover or genetically engineer more efficient oil production microbes, scale-up of the culture systems of such microbes is critical for practical applications. The microbe culture in a nutrition-rich open environment, such as lakes and sewage plants, is preferable in terms of scales and cost, however, contamination of other native microbes is often fatal to the target microbes.
Hydrogel microtubes that can be manufactured by microfluidic devices were proposed to host cell cultures [2] . The size can be controlled by the flows and several materials can be used to produce the tubes. The tubes can encapsulate the cells while they allow oxygen and nutrition to diffuse through the tube walls and prevent other microbes from intruding inside. The tube enabled encapsulation of foreign cells without being attached by the immune system. We came up with the idea of utilizing the tubes to culture microbes inside. Since the tubes protect the microbes from other competitive microbes physically, the target microbes, even which have very little competitiveness against others, can be cultured under any environments. It is also to be noted that scale-up of the culture system is also possible because the microtubes can be mass produced by piling up the microfluidic systems. shows the concept of our study. In this paper, we demonstrate that the contamination of microbes was prevented and target microbes were successfully cultured inside the microtubes. 
Hydrogel tube formation Figures 2 (a) and (b)
show the microfluidic device to form hydrogel tubes and a photo of the production. The channel inside was a pulled glass tube and had a tip diameter of 100 μm. Calcium chloride solution was introduced to the inside channel and sodium alginate to the outside channel. When they are mixed, they form an alginate calcium gel tube. When microbes were mixed in the calcium chloride solution, the microbes were encapsulated inside the tube. The gel can allow molecules smaller than 60 kDa to permeate through, which is preferable for our purpose, i.e., oxygen and nutrition can diffuse into the tube while other microbes can be blocked. The tube thickness and inner diameter with respect to the ratio of the volumetric flow rate of sodium alginate to calcium chloride are shown in Figure 3 . The inner diameter of the tube was found not to depend on the ratio while the membrane thickness increased with the ratio. The membrane thickness and inner tube diameter will determine diffusion of the oxygen, nutrition, and byproducts and thus, the microbe cultures. They will be further investigated in future work. 
Proof-of-concept experiments
We conducted proof-of-concept experiments using Coryne Glutamicum and Vibrio alginotlytius. Figure 4 shows the conceptual image of the experiments. Coryne Glutamicum is encapsulated in the hydrogel tubes and the tubes are immersed in culture media, which contain Vibrio alginotlytius. The cell densities of the microbes after 1 h of incubation without and with encapsulation of Coryne Glutamicum inside the tube are shown in Figures 5 (a) and (b) . With the presence of Vibrio alginotlytius, Coryne Glutamicum were extincted, as shown in Figure 5 (a). However, when they are encapsulated in the fiber, they successfully increased the cell numbers. The results verified that the hydrogel tube can successfully culture cells inside while protecting them from contaminants outside. Coryne glutamicum were extinct when they were mixed with Vibrio alginolytics, whereas the cell density successfully increased when they were culture in the tube.
Conclusions
Hydrogel fibers, which can be mass-producible using microfluidic technologies, were verified to be effective scaffold for culture of microbes even with the presence of competitive microbes. The culture technique proposed herein can be readily applicable to culture various microbes that produce useful materials, such as oil producing bacteria.
